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Summary. Study of the effect of different modes of low-intensity ultrasound on the cisplatin-resistant breast cancer cell 
line MCF-7/DDP in vitro. Materials and methods. Studies were conducted on MCF-7/DDP breast cancer cells. The source 
of ultrasonic vibrations was the SDG 2082 X Generator of the company Siglent. 2 modes of ultrasound exposure were used, 
which differed in intensity and breast cancer cells in 4-well plates were sonicated for 5 minutes over 5 days, followed 
by counting of live and dead cells in the Goryaev chamber and assessment of genotoxicity using cytological tests (CT). 
Cytological studies were performed using an Olympus BX-41 microscope (Olympus Europe GmbH, Japan). Cells were stained 
with trypan blue and acridine orange. The results. Features of the cytotoxic effect of various types of low-intensity ultrasound 
on the cisplatin-resistant human breast cancer cell line MCF-7/DDP are shown. Low-intensity pulsed ultrasound (LIPUS) 
increased the cytotoxicity index by 4 times, and low-intensity ultra-broadband ultrasound (UMUS) by 8 times compared 
to the control (p <0.05). The effect on the culture of UMUS micro cells (the intensity of the effect was reduced by several orders 
of magnitude) was not accompanied by cytotoxic effects. The obtained data are confirmed by CT-indicators. Conclusions. 
The application of LIPUS and UMUS ultrasonic exposure was accompanied by a significant increase in cytotoxicity and 
increased mutagenic changes in the nuclei of MCF-7/DDP cells. The cytotoxic effect is most pronounced when using UMUS 
on MCF-7/DDP cancer cells.

Key words: low-intensity ultra-broadband and low-intensity pulsed ultrasound; MCF-7/DDP breast cancer cells; cytotoxic effect; 
cytological tests.

INTRODUCTION
Mechanobiology, which has emerged in recent years, 

considers the exchange of mechanical signals in biological 
tissues and cells as one of the main mechanisms for controlling 
biological functions [1]. According to Shannon’s formula, 
the maximum amount of information or energy E that can 
be transferred from object to object is:

E = Δf · log2 (1 + Wsignal/Wnoise),
where Δf is a frequency band, Wsignal and Wnoise — signal and 

noise power.
The formula shows that for better control of biological 

functions i t  i s  better  to increase the bandwidth than 
the  signal energy, since the signal energy is under the sign 
of the logarithm [2]. Recently, a new Ultra-wideband Micro-
energy Ultrasound technology has emerged [3]. The search for 
possible ways of influencing new therapeutic signals on tumor 
processes in oncology is relevant. Tumor cell culture can serve 
as a convenient and relatively simple model of the tumor 
process, which makes it possible to quickly study the influence 
of various factors on the viability and metabolism of tumor cells. 
Recently, work has appeared on the effect of LIPUS on tumor 
cells, showing the possibility of inhibiting their proliferation [4–
7]. The purpose of this research was a comparative study 
of the  effect of UMUS and LIPUS on MSF-7/DDR breast 
cancer cells resistant to cisplatin.

MATERIALS AND METHODS
The research material was the cell line MCF-7/DDP (from 

human breast cancer cells, resistant to cisplatin). The  cells 
were obtained from the human and animal cell lines and 
tissue bank of the R.E. Kavetsky Institute of Experimental 
pathology, Oncology and Radiobiology of the NAS of Ukraine. 
The cells were cultured in DMEM nutrient medium with 
10% fetal calf serum, 40 μg/ml gentamicin in a humidified 
atmosphere with 5% CO2 at 37 °C. After the cells formed 
a dense monolayer on the  substrate (3 days of growth), 

they were repassaged. To do this, cells were separated from 
the  substrate using a phosphate-buffered saline PBS solution 
with 1 mM EDTA. The following types of influence were used 
in the studies: signal parameters are shown in Table 1. To excite 
the ultrasonic transducer an SDG 2082 X Generator from 
Siglent Company was used as a source of electrical signals. 
Ultra-wideband conversion of generator signals into ultrasonic 
vibrations in the frequency range 1–7 MHz was carried out 
by a 15-mode piezoceramic transducer with overlapping 
vibration modes and polarization normal to the radiating 
surface. The transducer’s diameter is 20 mm with a maximum 
thickness of 3 mm. Copper electrodes to the working and 
back sides of the transducer were applied. The front surface 
was protected by a wear-resistant multilayer coating made 
of layers of titanium, stainless steel and titanium nitride. 
The impact of LIPUS and UMUS was carried out directly 
on the bottom of a 4-well plate through a layer of ultrasonic 
gel Aqua Ultra Basic UBQ 5000 Ultragel (Hungary). The cell 
suspension was planted on 4-well plates (well diameter 20 mm) 
at a concentration of 1•104 cells/well in 1 ml of complete growth 
medium. After 2, 24, 48, 72 and 96 hours cells were treated 
with the parameters given in Table 1 and were incubated under 
standard conditions for 96 hours. The exposure to ultrasonic 
waves was 5 minutes.

After incubation of the cells, 100 μl of the versen preparation 
was added to each well of a 4-well plate and incubated for 
5 minutes at 37 °C after 96 hours the cells were counted 
in a Goryaev chamber. Cells were stained with trypan blue 
ex tempore and the number of living and dead cells in the field 
of view of a Karl Zeiss optical microscope was counted.

To assess the mutagenic effect of the ultrasonic vibrations 
used, the generally accepted СT was used [8]. After incubating 
the cells 100 μl of versene was added to each well of a 4-well 
plate and incubated for 5 minutes at 37 °C, after which the cells 
were counted in a Goryaev chamber. A smear was made 
on glass slides and fixed with methanol. Cells were stained 
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with acridine orange ex tempore and the number of vesicles 
was analyzed under a fluorescence microscope. Microscopy 
(light and luminescence) was carried out using an Axiostar Plus 
microscope from Karl Zeiss (Germany).

Statistical analysis was carried out using Student’s t-test 
with preliminary testing of the hypothesis about the normal 
distribution of a random variable using the Kolmogorov  — 
Smirnov test using the STATISTICA 6.0 software package 
(StatSoft).

RESULTS
As a result of the studies, it was established that sonication 

of the MCF-7/DDP cell line in the UMUS micro group did 
not lead to a significant increase in the number of dead cells 
compared to the control (Table 2). When using the  LIPUS 
and UMUS the number of dead cells was significantly 
higher (p <0.05) compared not only with the control, but 
also with the UMUS micro. This may be due to the fact that 
the intensity of ultrasound radiation in the UMUS micro 
was three orders of magnitude lower (0.01 mW/cm2 and 
30 mW/cm2) than in the LIPUS. It is important to note that 
there was a significant increase in the number of dead cells 
when exposed to UMUS compared to all other study groups 
(p <0.05). The results obtained may indicate a significant 
cytotoxic effect of the LIPUS and UMUS on MCF-7/DDP 

cells, especially pronounced when using UMUS. At the same 
time, the power of ultrasonic radiation in these was the same and 
amounted to 30 mW/cm2. There was no increase in the number 
of living cells when using these modes, which may indicate 
a predominance of cytotoxic factors over proliferative ones. 
It is also interesting that according to the literature, the use of the 
LIPUS led to an increase in the proliferation of unchanged cells 
(fibroblasts), accelerated the time of epithelization of wound 
surfaces and reparative processes of bone tissue [9–11]. This 
multidirectional effects when using ultrasound in the LIPUS 
mode are due to different mechanisms when affecting normal 
cells and cells with malignant transformation.

When analyzing the results using the CT on MCF-7/DDP 
cells, it was found that sonication in the UMUS micro mode 
was accompanied by the lowest values (Table 3) which may 
indicate the absence of a mutagenic effect on the cell genome. 
In other study groups (LIPUS and UMUS) an increase 
in CT values was observed, especially in the UMUS group 
(p <0.05). The data obtained correlate with indicators of cellular 
cytotoxicity (Table 3). We can conclude that the cytotoxicity 
we observed in the LIPUS and UMUS groups can be realized 
due to the mutagenic effect of the ultrasound types under study.

Table 1.	 Impact on cancer cell culture with narrowband LIPUS and 
ultra-wideband UMUS ultrasounds

Groups 2 3 4
Ultrasound type LIPUS UMUS micro UMUS
−10 dB Bandwidth 10 kHz 6 MHz 6 MHz
Frequencies, MHz 1.5 1–7 1–7

Spectrum feature - All frequency
simultaneously

All frequency
simultaneously

Intensity, mW/cm2:
– averaged, Ispta
– averaged and 
in the frequency band, 
Isptaf

30 0.01 30

Pulse duration, s 2•10-4 (200 µs) 5•10-8 (50 ns) 5•10-8 (50 ns)
Pulse repetition rate, kHz 1 10 10
Duration 
of the procedure, min

5 5 5

Number of procedures 5 5 5

Table 2. 	 Survival rates of MCF-7/DDP cells after 5 sessions of exposure to various types of ultrasound

Ultrasound type Quantity
samples

Quantity
living cells (average)

Quantity
dead cells (average)

% of dead cells
(average)

Control 6 94±4.34 3.8±0.97 3.73±0.75
UMUS micro 6 86.2±5.89 5.2±0.86 5.67±0.95
LIPUS 6 90.8±8.61 17.4±3.37 16.4±2.98*, **

UMUS 6 62±4.79 31±7.31 31.5±5.42*, **

*p <0.05 compared to control. **p <0.05 compared to UMUS micro.

Table 3.	 Indicators of the cytological test on MCF-7/DDP cells after 5 sessions of exposure to various types of ultrasound
Ultrasound 

type
Number 
samples

Mutagenicity indicator 
MT per 1000 cells (average) Morphological description

Control 5 4±0.16 The norm for this cell culture (Fig. 1).
UMUS micro 5 2.8±0.37 The nuclei are clearly defined and do not differ from the control. Single cases of blebbing, 

many cells in the early stages of division (Fig. 2).
LIPUS 5 5.2±0.58 Blebbing was detected in 40% of cells. In approximately 20% of cells, the nucleus does 

not have a clear shape, fragmentation of the genetic material is observed, some cells have 
2 or more vesicles, but despite this. The core size is not larger than normal (Fig. 3).

UMUS 5 9.5±0.86*, ** The nuclei of most cells (>80%) do not have a clear shape; the genetic material is diffusely 
scattered around clear vesicles; apoptotic changes are observed in almost all cells; 
the number of vesicles with a high % of dead cells indicates their death with genetic 
abnormalities (Fig. 4).

*p <0.05 compared to LIPUS and UMUS.
**p <0.05 compared to LIPUS, UMUS micro and control.

 
Fig. 1. Control, vesicles are marked with an arrow. Stained 
with acridine, orange. Mag. ×400
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CONCLUSIONS
Sonication of the MCF-7/DDP cell line with ultra-

wideband ultrasonic micro-intensity (UMUS micro) did not 
lead to a cytotoxic and mutagenic effect.

The use of  LIPUS and UMUS types accompanied 
by a significant increase in the cytotoxic effect and an increase 
in mutagenic changes in the nuclei of MCF-7/DDP cells. 
Stimulation of proliferative processes when exposed to LIPUS 
on normal cells is known, however, in our studies, the use 
of LIPUS was accompanied by a cytotoxic effect when exposed 
to transformed cells of the MCF-7/DDP line. The cytotoxic 
effect is most pronounced when UMUS is applied to cancer 
cells of the MCF-7/DDP line.
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Вплив низькоінтенсивного надширокосмугового 
ультразвуку на клітинну лінію раку молочної 
залози in vitro
О.П. Кузьменко1, О.Т. Марченко2

1Український державний університет ім. М.П. Драгоманова, Київ, 
Україна

2ТОВ «Техно-Мед Україна», Київ, Україна

Резюме. Вивчення впливу різних режимів низькоін-
тенсивного ультразвуку на  клітинну лінію резистентного 
до цисплатину раку молочної залози MCF-7/DDP in vitro. 
Матеріали та методи. Дослідження проведені на клітинах 
раку молочної залози MCF-7/DDP. Джерелом ультразву-
кових коливань служив генератор SDG 2082 X Generator 
компанії Siglent. Використовували 2 режими ультразвуко-
вого впливу, які відрізнялися за  інтенсивністю. Клітини 
раку молочної залози в 4-лункових планшетах піддавалися 
впливу ультразвуку тривалістю 5 хв впродовж 5 діб з наступ-
ним підрахунком живих та мертвих клітин у камері Горяєва 
та оцінкою генотоксичності з використанням цитологічних 
тестів. Цитологічні дослідження проводили з використан-

 
Fig. 2. UMUS micro group, vesicles are marked with an arrow. 
Stained with acridine orange. Mag. ×400

 
Fig. 3. LIPUS group. Round, clear cell nuclei; vesicles are 
marked with an arrow. Stained with acridine orange. Мag. ×400

 
Fig. 4. UMUS group. Arrows indicate cells with pronounced 
fragmentation of genetic material. Mag. ×400
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ням мікроскопа Olympus BX-41 (Olympus Europe GmbH, 
Японія). Забарвлення клітин здійснювали трипановим си-
нім та акридіном оранжем. Результати. Встановлено особ
ливості цитотоксичної дії різних типів низькоінтенсивного 
ультразвуку на клітинну лінію резистентного до цисплатину 
раку молочної залози людини MCF-7/DDP. Низькоін-
тенсивний імпульсний ультразвук (LIPUS) підвищував 
показник цитотоксичності у  4 рази, а  низькоінтенсивний 
надширокосмуговий ультразвук (UMUS) у 8 разів порівняно 
з контрольною групою (р <0,05). Вплив на культуру клітин 
UMUS micro (інтенсивність впливу знижено на кілька по-
рядків) не  супроводжувався цитотоксичними ефектами. 
Отримані дані підтверджуються показниками цитологічного 
тесту. Висновки. Застосування ультразвукового впливу типу 
LIPUS та UMUS супроводжувалося значним посиленням 
цитотоксичної дії та збільшенням мутагенних змін у ядрах 
клітин MCF-7/DDP. Цитотоксичний ефект найбільш ви-

ражений при  застосуванні UMUS на  ракові клітини лінії 
MCF-7/DDP.

Ключові слова: низькоінтенсивний надширокосмуговий 
та низькоінтенсивний імпульсний ультразвук; ракові клі-
тини молочної залози лінії MCF-7/DDP; цитотоксичний 
ефект; цитологічні тести.
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